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(54) Resolver / digital-converter and control system using the resolver / digital-converter

(57) A resolver/digital-converter having a self-fault-
detection function without breaking normal operation is
provided. The resolver (11) digital-converter, which has
a normal operation function section, a temperature char-
acteristic identification function section (12), and a first
temperature characteristic correction function section of
correcting estimated angle output from the normal oper-
ation function section based on a temperature charac-
teristic identification value by the temperature character-

istic identification function section, includes a holding
function section (630) of holding the temperature char-
acteristic identification value, and (2) a second temper-
ature characteristic correction function section of correct-
ing estimated angle output from the temperature charac-
teristic identification function section based on the tem-
perature characteristic identification value by the temper-
ature characteristic identification function section, the
value being held in the holding function section.
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Description

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0001] The present invention relates to a resolver/digital-converter, and particularly relates to a fault detection function
of the resolver/digital-converter.

DESCRIPTION OF RELATED ART

[0002] In a servo control system, a rotation angle sensor is necessary to detect a rotation angle and perform feedback
control. In addition, in brushless motor control, since current application is necessary to a coil of a motor depending on
a rotation angle of the motor, the rotation angle sensor is necessary also in the servo control system. As the rotation
angle sensor, a resolver has been widely used due to robustness and environment resistance caused by a simple
configuration thereof.
[0003] A resolver/digital-converter has been developed, which is for performing conversion into a rotation angle based
on a signal from the resolver, and inputting it into a microcomputer or the like as digital data. The resolver/digital-converter
is described, for example, JP-A-2000-353957, JP-A-2005-348208, JP-A-9-126809, JP-A-7-131972, JP-A-9-133718 or
JP-A-2005-3530.

SUMMARY OF THE INVENTION

[0004] For a method according to the above prior arts, further consideration is required in the light of fault detection.
Motor output torque τm of a DC brushless motor is typically expressed by the following equation. 

[0005] However, τm is motor output torque, K is torque constant, iq is q-axis current, and θe is magnetic-pole-position
measurement error.
[0006] It is known from the equation that the motor output torque τm significantly depends on the magnetic-pole-
position measurement error θe. In particular, when θe is larger than 90° or smaller than -90°, a value of cosθe is negative.
That is, a sign of the q-axis current iq is opposite to a sign of the motor output torque τm, and when a motor is tried to
be rotated clockwise, it is rotated counterclockwise, and conversely when the motor is tried to be rotated counterclockwise,
it is rotated clockwise, and consequently the motor is rotated in a direction opposite to an intended direction. Since a
control system often has a feedback loop, while a value of cosθe is positive, variation in motor output torque τm due to
the magnetic-pole-position measurement error θe can be compensated by negative feedback. However, in the case that
polarity is inverted in this way, the negative feedback is changed to positive feedback, and consequently operation of
the feedback loop is diverged. In particular, in a brushless motor used for applications such as electric power steering,
when increase in magnetic-pole-position measurement error θe occurs as described above due to a fault in resolver or
the like, a dangerous situation may be caused. Therefore, fault detection in resolver needs to be continuously carried
out even while normal magnetic-pole-position detection operation is performed.
[0007] However, the prior arts do not take this issue into particular consideration. In the prior arts, fault detection needs
to be performed in a way that a test signal for fault detection is inputted from an external circuit, and an output signal is
measured. Therefore, there is a difficulty that the normal magnetic-pole-position detection operation needs to be stopped
for fault detection.
[0008] Furthermore, when the prior arts are applied to an electric power steering system or the like, the normal
magnetic-pole-position detection operation can not be stopped during operation of the relevant system. Therefore, there
is a difficulty that fault detection is performed only immediately after power-on, or at start of operation in power-off, or at
the end of operation in most cases, and consequently fault detection is hardly performed in realtime.
[0009] Therefore, an object of the invention is to provide a resolver/ digital-converter having a self-fault-detection
function without breaking the normal magnetic-pole-position detection operation.
[0010] A resolver/ digital-converter of the invention includes a normal operation function section of calculating angle
information based on a signal from a resolver, a temperature characteristic identification function section of calculating
a correction value for correcting a temperature characteristic of the angle information based on a signal from the resolver,
a fault detection unit of examining the normal operation function section or the temperature characteristic identification
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function section, and a holding function section of holding the correction value, wherein when the normal operation
function section is examined, the angle information is calculated using the temperature characteristic identification
function section, and the relevant calculated value is corrected by the correction value held in the holding function section.

Advantage of the Invention

[0011] According to the invention, fault detection of the resolver/digital-converter can be performed without breaking
the normal magnetic-pole-position detection operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Fig. 1 is a view showing an example for temperature characteristic correction;
Fig. 2 is a view showing operation of each section in the example of Fig. 1;
Figs. 3A to 3B are views showing examples of a resolver;
Fig. 4 is a view showing an example for self-checking;
Fig. 5 is a view showing of operation of each section in the example of Fig. 4;
Fig. 6 is a view showing an example of a test pattern and an expected value;
Fig. 7 is a view showing an example where the example of Fig. 1 is made in a self-checking type;
Fig. 8 is a view showing operation of each section in the example of Fig. 7;
Fig. 9 is a view showing an example of a test control function section;
Fig. 10 is a view showing an example of setting information;
Fig. 11 is a view showing an example of test operation shown in a time sequential manner;
Fig. 12 is a view showing an example of time-sequential mode change in test operation;
Fig. 13 is a view showing an example where selectors are placed in stages previous to a phase shift circuit and an
addition/subtraction function section;
Fig. 14 is a view showing operation of each section in the example of Fig. 12;
Fig. 15 is a view showing an example where selectors are placed in stages previous to separately provided, phase
shift circuits and addition/subtraction function sections;
Fig. 16 is a view showing operation of each section in the example of Fig. 14;
Fig. 17 is a view showing an example for making a method of the literature 2 to be in a self-checking type;
Fig. 18 is a view showing operation of each section in the example of Fig. 16;
Fig. 19 is a view showing an example where selectors are placed in stages previous to a phase shift circuit and an
addition/subtraction function section;
Fig. 20 is a view showing operation of each section in the example of Fig. 18;
Fig. 21 is a view showing an example where selectors are placed in stages previous to separately provided, phase
shift circuits and addition/subtraction function sections;
Fig. 22 is a view showing operation of each section in the example of Fig. 20;
Fig. 23 is a view showing an example for detecting a phase short fault;
Fig. 24 is a view showing operation of each section in the example of Fig. 22;
Fig. 25 is a view showing phases of signals in the example of Fig. 22;
Figs. 26A to 26B are views of resolvers for the example of Fig. 22;
Fig. 27 is a view showing an example for making the example of Fig. 22 to be in a self-checking type;
Fig. 28 is a view showing operation of each section in the example of Fig. 26;
Fig. 29 is a view showing an example where a phase-short-fault detection function is added to the example of Fig. 26;
Fig. 30 is a view showing operation of each section in the example of Fig. 28;
Fig. 31 is a view showing an example of a motor controller and a system being applied with the invention;
Fig. 32 is a view showing an example of a motor controller and a system being applied with the invention;
Fig. 33 is a view showing an example of a test result 657;
Fig. 34 is a view showing an example of a test result 657;
Fig. 35 is a view showing an example of a test result 657;
Fig. 36 is a view showing an example of an electric power steering being applied with the invention;
Fig. 37 is a view showing an example of an embodiment of the invention;
Fig. 38 is a view showing an example of an embodiment of the invention;
Fig. 39 is a view showing an example of temperature characteristic correction by feedback;
Fig. 40 is a view showing an example for making the example of Fig. 39 to be in a self-checking type;
Fig. 41 is a view showing an example of temperature characteristic correction by feedback; and
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Fig. 42 is a view showing an example for making the example of Fig. 41 to be in a self-checking type.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0013] Hereinafter, examples of an embodiment of the invention are described according to drawings.

Example 1

[0014] First, normal magnetic-pole-position detection operation being to be continuously performed is described using
Figs. 1 to 3.
[0015] As shown in Fig. 1, a resolver/digital-converter not only converts an analog signal inputted from a resolver into
a digital signal, but also corrects a temperature characteristic of the resolver. Therefore, both functions need to be
continued. Hereinafter, each function is described.
[0016] A resolver 100 is excited by an excitation circuit 200, and outputs resolver output signals 110 and 120, and the
signals are inputted into a resolver/digital-converter 10. An excitation signal from the excitation circuit 200 is expressed
as sin(ωt) (however, ω is angular velocity of the excitation signal, and t is time) . The resolver outputs waveforms in
which the excitation signal is modulated to have amplitude in proportion to values of a sine and a cosine of rotation angle
(electrical angle) θ of the resolver. Here, when it is assumed that the resolver output signal 110 is a signal in proportion
to the sine (sin signal), and the resolver output signal 120 is a signal in proportion to the cosine (cos signal), the resolver
output signals 110 and 120 are expressed as follows respectively: 

However, ε is a signal delay characteristic due to the resolver and the circuit (hereinafter, abbreviated as "signal delay
characteristic"), and A is a gain coefficient. Since the gain coefficient of the resolver and the signal delay characteristic
have temperature dependence, when these are expressed as functions of temperature τ, the followings are given: 

In the coefficients having temperature dependence, A(τ) can be cancelled by using a ratio between the resolver output
signals 110 and 120, and ε(τ), the temperature characteristic of which must be considered in a method of calculating a
rotation angle of the resolver focusing a phase of the resolver output signal, can by cancelled by the following method.
[0017] The resolver/digital-converter 10 includes a normal operation function section 11 including a phase shift circuit
300, an addition/subtraction function section 400, and a phase detection circuit 500-1; a temperature characteristic
identification function section 12 including a selector 602 and a phase detection circuit 500-2; and a temperature char-
acteristic correction function section 410-1.
[0018] In the normal operation function section 11, the inputted resolver output signal (sin signal) 110 is shifted in
phase by the phase shift circuit 300, and the inputted resolver output signal (cos signal) 120 is subtracted in the addition/
subtraction function section 400.
[0019] Here, when the resolver output signal (sin signal) 110 is shifted in phase by 90 degrees by the phase shift
circuit 300, it is expressed by A(τ)•cos(ωt+ε(τ))•sinθ. When the resolver output signal 120 is subtracted, the following
signal is given: 
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[0020] The signal having been subjected to subtraction is inputted into the phase detection circuit 500-1 so that phase
difference with respect to the excitation signal sin(ωt) is obtained. Thus obtained value corresponds to an estimated
angle output (φ)-ε(τ)) (φ is an estimated value of θ).
[0021] In the temperature characteristic identification function section 12, one of the resolver output signals 110 and
120 is selected by a selector 602, and inputted into the phase detection circuit 500-2. Since the resolver output signals
110 and 120 are as described in expressions (4) and (5) respectively, operation of obtaining phase difference with
respect to the excitation signal sin(ωt) in the phase detection circuit 500-2 corresponds to operation of obtaining the
signal delay characteristic ε(τ).
[0022] However, positive and negative may be inverted depending on a value of sinθ or cosθ. To avoid influence of
this, the resolver output signals 110 and 120 can be treated as absolute values: 

Alternatively, ε can be treated in a form of an absolute value, that is, |ε(τ)|. As shown in Fig. 2, when input a is selected
in the selector 602, the signal delay characteristic ε(τ) is estimated using the resolver output signal (sin signal) 110 (mode
Os), and when input b is selected, the signal delay characteristic ε(τ) is estimated using the resolver output signal (cos
signal) 120 (mode 0c). In the light of improving measurement accuracy by increasing a signal to noise ratio, it is enough
that the selector 602 selects a signal having a larger amplitude between the resolver output signals 110 and 120. In this
way, the temperature characteristic identification function section 12 can obtain the signal delay characteristic ε(τ).
[0023] When the estimated angle output (φ)-ε(τ)) obtained in the normal operation function section 11 in the above-
described way is added with ε(τ) which is obtained in the temperature characteristic identification function section 12 in
the temperature characteristic correction function section 410-1, estimated angle output φ having been subjected to
temperature characteristic correction can be obtained.
[0024] The phase detection circuits 500-1 and 500-2 may be achieved in various methods, and for example, there
are a method that zero crossing of a signal is detected by a counter as in JP-A-9-126809, and a method that a phase
of a reference signal is allowed to follow an input signal based on a correlation function value between the input signal
and the reference signal as shown in JP-A-2005-207960 that was previously filed by the inventors. The invention can
be applied to either of the methods, and can provide an advantage in each method.
[0025] Methods of configuring various sections of the resolver/digital-converter 10 include a method of achieving them
by an analog circuit, method of achieving them by a digital circuit, and method of achieving them by mixing the analog
and digital circuits. The invention can be applied to any of the methods, and can provide an advantage in each method.
Furthermore, in the method of achieving them by mixing the analog and digital circuits, various ways may be considered
for selecting each portion to be achieved by the analog or digital circuit, and therefore an analog/digital-converter is
provided between the analog and digital circuits.
[0026] Fig. 3 shows an example of the resolver 100 used in the example of Fig. 1. The resolver 100 can be roughly
classified into a type where the resolver output signals 110, 120 are induced in a different secondary winding from a
secondary winding for an excitation signal as shown in Fig. 3A, and a type where a common winding is provided for the
excitation signal and the resolver output signals 110, 120 as shown in Fig. 3B. In the type as shown in Fig. 3A, coupling
between the excitation signal applied to a primary winding and the secondary winding in which the resolver output signals
110, 120 are induced is changed with a rotation angle θ of a core, and amplitudes of the induced resolver output signals
110, 120 are accordingly changed. In the type as shown in Fig. 3B, inductance of the common winding for the excitation
signal and the resolver output signals 110, 120 is changed with the rotation angle θ of the core, and amplitudes of the
resolver output signals 110, 120 are changed, the amplitudes being obtained by dividing the excitation signal.
[0027] Next, description is made on an example of fault detection without breaking magnetic-pole-position detection
operation as described above in which influence of the temperature characteristic is corrected.
[0028] Fig. 4 shows an example for achieving a fault detection function during operation, that is, an online test function
or online fault detection function. The online test is a test for fault detection to be performed during normal operation, in
which part of the inside of a circuit is tested (examined) while obtaining output equal to output in normal operation.
Although it is a test of part of the inside of the circuit, a circuit portion to be a test object is changed depending on a
mode as an embodiment of the invention, thereby increased number of circuit portions can be made as an examination
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object. On the other hand, an offline test is a test for fault detection that is performed with normal operation being stopped.
Compared with a configuration shown in Fig. 1, there is a difference in that it has a fault detection unit 622, input selectors
601 and 602, an output selector 6, and a holding function section 630. Details of the normal operation function section
11 and the temperature characteristic identification function section 12 are as shown in Fig. 1 or examples described
later, and omitted to be described here. The fault detection unit 622 controls switching between the input selectors 601
and 602. Thus, one of a resolver output signal (a) and a test signal (b) (test pattern) outputted by the fault detection unit
622 is selected to be inputted into the normal operation function section 11 or the temperature characteristic identification
function section 12. Moreover, the fault detection unit 622 controls the holding function section 630. Thus, whether the
temperature characteristic is corrected based on data outputted by the temperature characteristic identification function
section 12, or corrected based on the held, previous data is selected. Hereinafter, the operation is described in detail.
[0029] The resolver 100 is excited by the excitation circuit 200, and outputs the resolver output signals 110 and 120
which are then inputted into the resolver/digital-converter 10. The resolver output signals 110 and 120 are inputted into
the normal operation function section 11 and the temperature characteristic identification function section 12 via the
input selectors 601 and 602. The temperature characteristic identification function section 12 estimates the signal delay
characteristic ε(τ) of the resolver output signals 110 and 120, which include temperature characteristics, and outputs
them to the holding circuit 603. Output of the normal operation function section 11, that is, estimated angle output is
corrected based on the signal delay characteristic ε(τ) in the temperature characteristic correction function section 410-1,
thereby to become a corrected, estimated angle output φ. Similarly, estimated angle output outputted by the temperature
characteristic identification function section 12 is corrected based on the signal delay characteristic ε(τ) in the temperature
characteristic correction function section 410-2, thereby to become a corrected, estimated angle output φ.
[0030] Fig. 5 shows operation modes in detail. The resolver/digital-converter in the example has a plurality of operation
modes depending on switching of each of the input selectors 601, 602 and the output selector 600, and HOLD/THROUGH
in the holding function section 630. Hereinafter, each operation mode is described.
[0031] (Mode 0) At timing when fault detection is not performed (during normal operation), the selectors 601 and 602
select resolver output signals 110 and 120 respectively as shown in mode 0 of Fig. 5, and the holding function section
630 operates to output the inputted signal as it is without performing holding operation.
[0032] (Mode 1) In the case that the normal operation function section 11 is examined for fault detection, as shown
in mode 1 of Fig. 5, the selector 601 is switched, so that a test pattern is inputted from the fault detection unit 622, and
output of the normal operation function section 11 is inputted into the fault detection unit 622. A check function section
620 of the fault detection unit 622 checks whether the inputted output of the normal operation function section 11
corresponds to an expected value corresponding to the inputted test pattern. When the output of the normal operation
function section 11 corresponds to the expected value, the normal operation function section 11 is determined to be
normal. The term "correspond" mentioned herein does not imply physical identicalness, and implies that difference
between the output and the expected value is within a certain range of a substantially unproblematic level in the light of
use of the relevant resolver/digital-converter.
[0033] In this state, since output of the normal operation function section 11 is corresponding to input of the test pattern,
it is not corresponding to the resolver output signal. Therefore, output of the normal operation function section 11 can
not be used as final output 15. Thus, as shown in Fig. 5 (mode 1), the output selector 600 is switched such that it outputs
corrected, estimated angle output φ based on estimated angle output of the temperature characteristic identification
function section 12 can be output. That is, output of the temperature characteristic correction function section 410-2 is
selected as the final output 15. By adopting such configuration, the normal operation function section 11 can be examined
without breaking the magnetic-pole-position detection.
[0034] At that time, since the temperature characteristic identification function section 12 is used in place of the normal
operation function section 11, the signal delay characteristic ε(τ) is sometimes not obtained. In the case that the signal
delay characteristic ε(τ) is not obtained, an estimated angle value being not having been subjected to temperature
characteristic correction becomes the final output 15. Thus, as shown in Fig. 5 (mode 1), a signal delay characteristic ε
(τ) in an operation period at a previous time or before can be held in the holding function section 630 to be used. In
general, since operation temperature is not suddenly changed, in a typically used, online test period of the temperature
characteristic identification function section 12, there is substantially no problem even if the held data are used for
correction. Thus, the normal operation function section 11 can be examined without breaking the magnetic-pole-position
detection having been subjected to temperature characteristic correction.
[0035] (Mode 3) In the case that the normal operation function section 11 is examined for fault detection offline such
as a case immediately after power-on, as shown in mode 3 of Fig. 5, the selector 600 selects output of the temperature
characteristic correction function section 410-1 as the final output 15. At that time, the final output 15 of the resolver/
digital-converter 10 is checked by a not-shown microprocessing unit 20 being connected to the resolver/digital-converter
10, in addition to the check function section 620. In this case, the temperature characteristic correction function section
410-1 and the selector 600 can be examined in addition to the normal operation function section 11.
[0036] (Mode 2) In the case that the temperature characteristic identification function section 12 is examined for fault
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detection, as shown in Fig. 5, the selector 600 is switched so that a test pattern is inputted from the fault detection unit,
and output of the temperature characteristic identification function section 12 is inputted into the fault detection unit 622.
A check function section 621 of the fault detection unit 622 checks whether the inputted output of the temperature
characteristic identification function section 12 corresponds to an expected value corresponding to the inputted test
pattern. When the output of the temperature characteristic identification function section 12 corresponds to the expected
value, the temperature characteristic identification function section 12 is determined to be normal. Meaning of the term
"correspond" is the same as in the mode 1.
[0037] In this state, since the input selector 601 is set such that it inputs the resolver output signal, input into the normal
operation function section 11 is corresponding to the resolver output signal. Thus, at that time, the output selector 600
is set such that it outputs the corrected, estimated angle output φ based on the estimated angle output of the normal
operation function section 11 (a) as shown in Fig. 5. That is, output of the temperature characteristic correction function
section 410-1 can be selected as the final output 15.
[0038] In this state, since output of the temperature characteristic identification function section 12 is corresponding
to input of the test pattern, it is not corresponding to the resolver output signal. Therefore, a signal delay characteristic
ε(τ) outputted from the temperature characteristic identification function section 12 can not be obtained. In the case that
the signal delay characteristic ε(τ) is not obtained, an estimated angle value not having been subjected to the temperature
characteristic correction becomes the final output 15. Thus, as shown in Fig. 5 (mode 2), a signal delay characteristic ε
(τ) in an operation period at a previous time or before can be held in the holding function section 630 to be used. Thus,
the temperature characteristic identification function section 12 can be examined without breaking the magnetic-pole-
position detection having been subjected to temperature characteristic correction.
[0039] (Mode 4) In the case that the temperature characteristic identification function section 12 is examined for fault
detection offline such as a case immediately after power-on, as shown in Fig. 5 (mode 4), the selector 600 can select
output of the temperature characteristic correction function section 410-2 as the final output 15. At that time, the final
output 15 of the resolver/digital-converter 10 is checked by the not-shown microprocessing unit 20 being connected to
the resolver/digital-converter 10, in addition to the check function section 621. In this case, the temperature characteristic
correction function section 410-2 and the selector 600 can be examined in addition to the temperature characteristic
identification function section 12.
[0040] Fig. 6 shows an example of a test patter for fault detection. As shown in the figure, when a signal, in which an
excitation signal sin (ωt) is multiplied by amplitude coefficients of �1.0, �SQRT(2)/2 or �0.707, and 0, is inputted, a
test can be carried out on an expected value at every 45 degrees. Moreover, when distortion in signal due to variation
in level may not occur, the amplitude coefficient �0.707 can be assumed as �1, and consequently a circuit for producing
a test pattern can be simplified.
[0041] Fig. 7 shows an example in the case that a configuration as shown in Fig. 4 is specifically implemented. While
the fault detection unit 622 is omitted for simplification, and only input of the test pattern and the check function sections
620 and 621 are shown in Fig. 7, operation of the unit is the same as in Fig. 4. In addition, configurations and functions
being not particularly described are the same as in the example shown in Fig. 4 or Fig. 1.
[0042] Similarly as in the example shown in Fig. 4, in the normal operation function section 11, the inputted resolver
output signal (sin signal) 110 is shifted in phase by the phase shift circuit 300, and the inputted resolver output signal
(cos signal) 120 in the addition/subtraction function section 400 is subtracted. The signal after subtraction is inputted
into the phase detection circuit 500-1 so that phase difference with respect to the excitation signal sin(ωt) is obtained.
Thus obtained value corresponds to an estimated angle output (φ-ε(τ)).
[0043] In the temperature characteristic identification function section 12, one of the resolver output signals 110 and
120 is selected by a selector 602, and inputted into the phase detection circuit 500-2 so that phase difference with respect
to the excitation signal sin(ωt), that is, the signal delay characteristic ε(τ) is obtained. The signal delay characteristic ε
(τ) is outputted to the holding circuit 603. Output of the normal operation function section 11, that is, estimated angle
output is corrected based on the signal delay characteristic ε(τ) in the temperature characteristic correction function
section 410-1, thereby to become a corrected, estimated angle output φ. Similarly, estimated angle output outputted by
the temperature characteristic identification function section 12 is corrected based on the signal delay characteristic ε
(τ) in the temperature characteristic correction function section 410-2, thereby to become a corrected, estimated angle
output φ.
[0044] (Mode 0s, 0c) As shown in Fig. 8, at timing when examination is not performed (during normal operation), the
input selector 601 selects input from the resolver (b). The reason why there are two modes is that there are two cases,
that is, a case that the signal delay characteristic ε(τ) is obtained based on the resolver output signal (sin signal) 110
(mode 0s), and a case that it is obtained based on the resolver output signal (cos signal) 120 (mode 0c), as in Fig. 1.
Input from the resolver into the input selector 601 is a signal obtained by shifting the phase of the resolver output signal
(sin signal) 110 by the phase shift circuit 300 and subtracting the resolver output signal (cos signal) 120. The relevant
subtraction is performed in the addition/subtraction function section 400. The signal selected by the selector 601 is
inputted into the phase detection circuit 500-1 so that phase difference with respect to the excitation signal sin(ωt) is



EP 1 826 906 A2

8

5

10

15

20

25

30

35

40

45

50

55

obtained. Thus obtained value corresponds to the estimated angle output (φ)-ε(τ)).
[0045] At the timing when examination is not performed (during normal operation), the input selector 602 selects a
resolver output signal. While there are a resolver output signal (sin signal) 110 (b) and a resolver output signal (cos
signal) 120 (c) as the resolver output signal, either of them may be selected. The signal selected by the input selector
602 is inputted into the phase detection circuit 500-2 so that phase difference with respect to the excitation signal sin
(ωt), that is, the signal delay characteristic ε(τ) is obtained. The signal delay characteristic is used to correct estimated
angle output. While the signal delay characteristic ε(τ) can be calculated using either of the sin signal 110 and the cos
signal 120 of the resolver output signals, a mode can be determined such that a signal having a larger amplitude is
selected between the resolver output signals 110 and 120 from the viewpoint of improving measurement accuracy by
increasing a signal to noise ratio.
[0046] In the mode 0s or 0c, the holding function section 630 operates to output the input signal as it is without
performing holding operation. Furthermore, the output selector 600 selects output of the temperature characteristic
correction function 410-1 as the final output 15.
[0047] The example is for describing detail of the normal operation function section 11 and the temperature charac-
teristic operation function section 12, wherein operation in the online test (mode 1) and offline test (mode 3) of the normal
operation function section 11, and the online test (mode 2) and offline test (mode 4) of the temperature characteristic
operation function section 12 are the same as in the example shown in Fig. 4 and Fig. 5. However, in the example, since
the input selector 602 is in a 4-input configuration, test pattern input is (d).
[0048] Fig. 9 shows an example of a test function control section 650. The test function control section 650 is provided
in the fault detection unit 622, and operates according to setting information 656 inputted from the outside. The setting
information 656 includes online test start information, online test start permit information, offline test start information,
and offline test start permit information. The test function control section 650 outputs the test pattern as shown in Fig.
6 to selectors 601 to 606, outputs a switching signal to selectors 600 to 607, outputs a control signal (THROUGH/HOLD)
631 on whether a signal is held or not to the holding function section 630, outputs an expected value 653 corresponding
to a test pattern to the check function sections 620 and 621, or receives test results 652 from the check function sections
620 and 621.
[0049] Furthermore, the section 650 outputs a test result 657 to the microprocessing unit 20 based on the test results
652 from the check function sections 620 and 621. When both the test results 652 from the check function sections 620
and 621 are normal, it outputs a signal indicating a normal condition as the test result 657, and when even one of the
test results 652 from the check function sections 620 and 621 shows an abnormal condition, it outputs a signal indicating
an abnormal condition as the test result 657 to the outside.
[0050] Desirably, the online test is automatically performed at a certain interval with a period being set by a timer 651.
Thus, fault detection of the resolver can be continuously performed even while the normal magnetic-pole-position de-
tection is operated. Moreover, when a signal from a power-on detection circuit 658 is used, the offline test immediately
after power-on can be performed in an automatically started manner. While the check function sections 620 and 621
may be configured to be provided within the fault detection unit 622 as shown in Fig. 2, it may be configured as a different
unit from the fault detection unit 622, and configured to transmit an expected value corresponding to a test pattern from
the fault detection unit 622. When the check function sections 620 and 621 are provided separately from the fault detection
unit 622, the fault detection unit 622 is equivalent to the test function control section 650 as shown in Fig. 9.
[0051] Fig. 10 shows an example of the setting information 656. The setting information 656 can be set by writing it
into a register, or by making each signal terminal be at a certain level.
[0052] Field 1 is a field for determining whether the online test is executed or not. An example of setting values and
functions of them is shown below.

00 (binary number): normal operation mode in which the online test is not executed.
01 (binary number) : online test of the normal operation function section is executed.
10 (binary number) : online test of the temperature characteristic identification function section is executed.

[0053] Field 2 is a field for determining whether execution of the online test is enabled by the timer 651 or not.

00 (binary number) : online test is not started by the timer 651.
01 (binary number) : online test of the normal operation function section is started by the timer 651.
10 (binary number) : online test of the temperature characteristic identification function section is started by the timer
651.
11 (binary number) : online tests of the normal operation function section and the temperature characteristic iden-
tification function section are alternately started by the timer 651.

[0054] Field 3 shows a period at which the online test is started by the timer 651, wherein a unit is defined by realtime
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or count values of the timer. Field 4 shows duration time after starting the online test, wherein a unit is defined by realtime
or count values of the timer as well.
[0055] Field 5 is a field for determining whether the offline test is executed or not. An example of setting values and
functions of them is shown below.

00 (binary number): normal operation mode in which the offline test is not executed.
01 (binary number) : offline test of the normal operation function section is executed.
10 (binary number): offline test of the temperature characteristic identification function section is executed.

[0056] Field 6 is a field for determining whether the offline test is executed by power-on or not.

00 (binary number): offline test is not started by power-on.
01 (binary number) : offline test of the normal operation function section is started by power-on.
10 (binary number): offline test of the temperature characteristic identification function section is started by power-on.
11 (binary number): offline tests of the normal operation function section and the temperature characteristic identi-
fication function section are started by power-on.

[0057] Field 7 shows duration time after starting the offline test by power-on, wherein a unit is defined by realtime or
count values of the timer as well.
[0058] In particular, since the fields 6 and 7 determine operation immediately after power-on, they can be set by using
a register including a non-volatile memory in which data are not erased even if power is off, or a mode setting terminal.
[0059] Fig. 11 shows test operation in a time sequential manner. The offline test is performed for initialization imme-
diately after power-on, and then it is shifted to normal processing after the offline test is finished. In the normal processing,
the online test is performed during the normal magnetic-pole-position detection operation. A trigger for starting the online
test can be inputted from the outside, for example, the microprocessor 20, or can be generated in the timer 651 as
described before. Also, the offline test can be performed before power is turned off after the normal processing is finished.
[0060] While the offline test is performed, the temperature characteristic correction can not be performed, and offline
test output is outputted as the final output 15 as well. When the offline test is completed, and processing is shifted to
the normal processing, an angular signal φ is outputted as the final output 15. During normal operation, the temperature
characteristic can be corrected in realtime without being affected by temperature change.
[0061] Since during the online test the temperature characteristic correction is performed based on a held value of a
signal delay characteristic ε(τ) obtained immediately before the test, when temperature change occurs in this period,
influence of the temperature change can not be corrected. Thus, in consideration of a level of change in temperature in
the environment where the relevant resolver is typically used, an operation interval of the online test is set such that an
error associated with calculation of the angular signal using the held value of the signal delay characteristic ε(τ) is within
an unproblematic range in the light of angle detection accuracy required for the resolver. Thus, since the correction is
not substantially affected by the temperature change during the online test, the resolver/digital-converter can be examined
without breaking the magnetic-pole-position detection having been subjected to temperature characteristic correction.
[0062] Furthermore, Fig. 12 shows time-sequential mode change in a series of test operations. The offline test is
performed in operation as shown in a mode 3 or mode 4 for initialization immediately after power-on, and then it is shifted
to normal processing after the offline test is finished. In the normal processing, the normal magnetic-pole-position detection
operation is performed in setting as shown in the mode 0s or the mode 0c in most time, and during such operation, the
online test is performed in operation of a mode 1 (normal mode function test) or a mode 2 (temperature characteristic
identification function test) . During performing the online test, operation of the mode 2 (temperature characteristic
identification function test) can be continuously performed subsequent to operation of the mode 1 (normal mode function
test), or operation of the mode 3 (normal mode function test) and operation of the mode 4 (temperature characteristic
identification function test) can be alternately repeated with the normal operation as shown in the mode 0s or the mode
0c between them, as shown in Fig. 12. The temperature correction operation and the contents of the final output 15 in
each test stage are the same as in Fig. 11.

Example 2

[0063] Fig. 13 shows a second example of an embodiment of the invention. Compared with the example 1, the example
is different in that input selectors 607 and 608 for injecting a test pattern are placed in a stage previous to the phase
shift circuit 300 and the addition/subtraction function section 400. Configurations being not particularly described are
the same as in the example 1. According to the example, the phase shift circuit 300 and the addition/subtraction function
section 400 can be made as objects of the offline test, so that fault in the phase shift circuit and the addition/subtraction
function section can be also detected.
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[0064] Operation of each selector in the example is shown in Fig. 14. Operation of the selectors 601 and 602 is the
same as in the example 1 (Fig. 7 and Fig. 8) except for modes 3 and 4 for the offline test. As shown in Fig. 14, in the
modes 3 and 4, the selectors 607 and 608 select a test pattern as input, so that the offline tests of the normal mode
function section 11 and the temperature characteristic identification function section 12 are performed including the
phase shift circuit and the addition/subtraction function section.

Example 3

[0065] Fig. 15 shows a third example of an embodiment of the invention. Compared with the example 2, the example
is different in that the normal mode function section 11 and the temperature characteristic identification function section
12 separately have phase shift circuits 300-1, 300-2 and addition/subtraction function sections 400-1, 400-2, and selectors
603 to 606 for injecting a test pattern are placed in a stage previous to the phase shift circuits 300-1, 300-2 and the
addition/subtraction function sections 400-1, 400-2. According to the example, since the phase shift circuits and the
addition/subtraction function sections can be also made as objects of the online test, faults can be detected without
breaking the normal magnetic-pole-position detection operation including faults in the phase shift circuits and the addition/
subtraction function sections.
[0066] Operation of each selector in the example is shown in Fig. 16.
[0067] (Mode 0s, 0c) As shown in Fig. 16, at timing when examination is not performed (during normal operation), the
selector 603 selects the resolver output signal (sin signal) 110 and inputs it into the phase shift circuit 300-1. At that
time, the selector 604 selects the resolver output signal (cos signal) 120 and inputs it into the addition/subtraction function
section 400-1. Output of the addition/subtraction function section 400-1 is inputted into the phase detection circuit 500-1
so that phase difference with respect to the excitation signal sin (ωt) is obtained. Thus obtained value corresponds to
an estimated angle output (φ)-ε(τ)). The reason why there are two modes is that there are two cases, that is, a case that
the signal delay characteristic ε(τ) is obtained based on the resolver output signal (sin signal) 110 (mode 0s), and a case
that it is obtained based on the resolver output signal (cos signal) 120 (mode 0c), as in Fig. 7.
[0068] At the timing when examination is not performed (during normal operation), the selector 607 selects the resolver
output signal. While there are a resolver output signal (sin signal) 110 (b) and a resolver output signal (cos signal) 120
(c) as the resolver output signal, either of them may be selected. The signal selected by the input selector 607 is inputted
into the phase detection circuit 500-2 so that phase difference with respect to the excitation signal sin(ωt), that is, the
signal delay characteristic ε(τ) is obtained. The signal delay characteristic is used to correct estimated angle output.
While the signal delay characteristic ε(τ) can be calculated using either of the sin signal 110 and the cos signal 120 of
the resolver output signals, a mode can be determined such that a signal having a larger amplitude between the resolver
output signals 110 and 120 is selected from the viewpoint of improving measurement accuracy by increasing a signal
to noise ratio. In this way, selection of the mode 0s and the mode 0c in the input selector 607 is performed in the same
way as in the example of Fig. 7. In each of the modes including the offline test, operations of the output selector 600
and the holding function section 630 are the same as in Fig. 7.
[0069] (Mode 1) As shown in Fig. 16, in the case that the normal operation function section 11 is examined for fault
detection, the input selectors 603 and 604 are switched, so that a test pattern is inputted from the fault detection unit
622. Then, output of the normal operation function section 11 is inputted into the check function section 620 which then
checks whether it corresponds to an expected value corresponding to the test pattern inputted from the fault detection
unit or not. At that time, as shown in Fig. 16 (mode 1), the output selector 600 can select the corrected, estimated angle
output φ based on the estimated angle output of the temperature characteristic identification function section 12, that is,
output of the temperature characteristic correction function section 410-2. The example is the same as the example 1
in that a signal delay characteristic held in the holding function section 630 is used as the signal delay characteristic ε
(τ) for correction. Thus, the normal operation function section 11 can be examined without breaking the magnetic-pole-
position detection operation added with temperature characteristic correction.
[0070] (Mode 2) Similarly, in the case that the temperature characteristic identification function section 12 is examined
for fault detection, the input selectors 605 and 606 are switched so that a test pattern is inputted from the fault detection
unit 622. Then, output of the temperature characteristic identification function section 12 is inputted into the fault detection
unit 621 which then checks whether it corresponds to an expected value corresponding to the test pattern inputted from
the fault detection unit 622 (Fig. 16, mode 2).

Example 4

[0071] The above examples have been described assuming that the resolver/digital-converter is used which performs
temperature characteristic correction based on output of the temperature characteristic identification function section
12 as shown in Fig. 1. In the following examples, description is made on examples where the configuration of an
embodiment of the invention is used for a resolver/digital-converter that performs temperature characteristic correction
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according to the related art literature 3 (JP-A-9-126809) being a different system from that of Fig. 4.
[0072] Fig. 17 shows a configuration of the example. Compared with the example 1 as shown in Fig. 4 and Fig. 7, the
example is different in that it has a calculation section 460 of obtaining the signal delay characteristic ε(τ) based on both
of output of the temperature characteristic identification function section 12 and output of the normal operation function
section 11. Configurations and functions being not particularly described are the same as those in the example 1 as
shown in Fig. 4 and Fig. 7.
[0073] Similarly to the example shown in Fig. 7, in the normal operation function section 11, the resolver output signal
(sin signal) 110 is inputted, and shifted in phase by the phase shift circuit 300. The addition/subtraction function section
400 subtracts the resolver output signal (cos signal) 120 from the resolver output signal (sin signal) 110 being shifted
in phase. The signal obtained by such subtraction is inputted into the phase detection circuit 500-1 via the selector 601
so that phase difference with respect to the excitation signal sin(ωt) is obtained. Thus obtained value corresponds to an
estimated angle output (φ-ε(τ)).
[0074] On the other hand, in the temperature characteristic identification function section 12, the resolver output signal
(sin signal) 110 being shifted in phase by the phase shift circuit 300 and the resolver output signal (cos signal) 120 are
inputted, and added in an addition/subtraction function section 450. The signal obtained by such addition is inputted into
the phase detection circuit 500-2 via the selector 602 so that phase difference with respect to the excitation signal sin
(ωt) is obtained. Thus obtained value corresponds to an estimated angle output (φ+ε(τ)).
[0075] Furthermore, the previously obtained output of the phase detection circuit 500-1 and output of the phase
detection circuit 500-2 are calculated in the calculation section 460 so that the signal delay characteristic ε(τ) is obtained.
Output of the normal operation function section 11, that is, estimated angle output is corrected based on the signal delay
characteristic ε(τ) in the temperature characteristic correction function section 410-1, thereby to become a corrected,
estimated angle output φ. Similarly, output of the temperature characteristic identification function section 12 is corrected
based on the signal delay characteristic ε(τ) in the temperature characteristic correction function section 410-2, thereby
to become a corrected, estimated angle output φ.
[0076] As shown in Fig. 18, operations of the input selectors 601 and 602, output selector 600, and holding function
section 630 in each mode are the same as in the example 1 shown in Fig. 5. That is, operations of the input selectors
601 and 602, output selector 600, and holding function section 630 are the same as in Fig. 5 in any of the mode during
normal operation without performing examination (mode 0), and mode during online test (mode 1) and mode during
offline test (mode 3) of the normal operation function section 11, and mode during online test (mode 2) and mode during
offline test (mode 4) of the temperature characteristic identification function section 12.
[0077] (Mode 1) In the case that the normal operation function section 11 is examined for fault detection, the input
selector 601 is switched as shown in Fig. 18 so that a test pattern is inputted. Then, the check function section 620
checks whether output of the normal operation function section 11 corresponds to an expected value corresponding to
the inputted test pattern or not.
[0078] (Mode 2) Similarly, in the case that the temperature characteristic identification function section 12 is examined
for fault detection, the input selector 602 is switched as shown in Fig. 18 so that a test pattern is inputted. Then, the
check function section 621 checks whether output of the temperature characteristic identification function section 12
corresponds to an expected value corresponding to the inputted test pattern or not.

Example 5

[0079] Fig. 19 shows a fifth example of an embodiment of the invention. Compared with the example 4, the example
is different in that input selectors 607 and 608 for injecting a test pattern are placed in a stage previous to the phase
shift circuit 300 and the addition/subtraction function section 400. Configurations being not particularly described are
the same as in the example 4. The example is an example that the configuration of the example 2 (Fig. 13) is applied
to the example 4 (Fig. 17).
[0080] Operation of each selector in the example is shown in Fig. 20. Operations of the selectors 601 and 602 are the
same as in the example 4 (Fig. 17 and Fig. 18) except for operation in modes 3 and 4 for the offline test. As shown in
Fig. 20, in the modes 3 and 4, the selectors 607 and 608 select a test pattern as input, so that the offline tests of the
normal mode function section 11 and the temperature characteristic identification function section 12 are performed
including the phase shift circuit and the addition/subtraction function section.

Example 6

[0081] Fig. 21 shows a sixth example of an embodiment of the invention. Compared with the example 5, the example
is different in that the normal mode function section 11 and the temperature characteristic identification function section
12 separately have phase shift circuits 300-1, 300-2 and addition/subtraction function sections 400-1, 400-2, and selectors
603 to 606 for injecting a test pattern are placed in a stage previous to the phase shift circuits 300-1, 300-2 and the
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addition/subtraction function sections 400-1, 400-2. According to the example, since the phase shift circuits and the
addition/subtraction function sections can be made as objects of the online test, faults can be detected without breaking
the normal magnetic-pole-position detection operation including faults in the phase shift circuits and the addition/sub-
traction function sections.
[0082] Operation of each selector in the example is shown in Fig. 22.
[0083] (Mode 0) As shown in Fig. 22, at timing when examination is not performed (during normal operation), the
selectors 603 and 605 select the resolver output signal (sin signal) 110 and inputs it into the phase shift circuit 300-1.
The selector 604 and 606 select the resolver output signal (cos signal) 120 and input it into the addition/subtraction
function sections 400 and 450. In the addition/subtraction function sections 400 and 450, the resolver output signal (cos
signal) 120 is subtracted from the resolver output signal (sin signal) 110 being shifted in phase. The signal obtained by
such subtraction is inputted into the phase detection circuit 500-1 so that phase difference with respect to the excitation
signal sin(ωt) is obtained. Thus obtained value corresponds to the estimated angle output (φ-ε(τ)). Operation of the
selector 600 and the holding function section 630 is the same as in Fig. 7 in each mode including the offline test.
[0084] (Mode 1) As shown in Fig. 22, in the case that the normal operation function section 11 is examined for fault
detection, the input selectors 603 and 604 are switched, so that a test pattern is inputted from the fault detection unit
622. Then, output of the normal operation function section 11 is inputted into the check function section 620 which then
checks whether it corresponds to an expected value corresponding to the test pattern inputted from the fault detection
unit or not. At that time, as shown in Fig. 22 (mode 1), the output selector 600 can select the corrected, estimated angle
output φ based on estimated angle output of the temperature characteristic identification function section 12, that is,
output of the temperature characteristic correction function section 410-2.
[0085] The example is the same as the example 1 in that a signal delay characteristic held in the holding function
section 630 is used as the signal delay characteristic ε(τ) for correction. Thus, the normal operation function section 11
can be examined without breaking the magnetic-pole-position detection operation added with temperature characteristic
correction.
[0086] (Mode 2) Similarly, in the case that the temperature characteristic identification function section 12 is examined
for fault detection, the input selectors 605 and 606 are switched so that a test pattern is inputted from the fault detection
unit 622. Then, output of the temperature characteristic identification function section 12 is inputted into the check function
section 621 which then checks whether it corresponds to an expected value corresponding to the test pattern inputted
from the fault detection unit 622 (Fig. 22, mode 2). In this case, the output selector 600 can select the corrected, estimated
angle output φ based on the estimated angle output of the normal operation function section 11, that is, output of the
temperature characteristic correction function section 410-1. Again in this case, a signal delay characteristic held in the
holding function section 630 is used as the signal delay characteristic ε(τ) for correction.

Example 7

[0087] Fig. 23 shows an example for detecting a phase short fault. The phase short fault is a fault mode of short
between a winding of the resolver output signal (sin signal) 110 of the resolver 100 and a winding of the resolver output
signal (cos signal) 120. In this example, excitation output from the excitation circuit 200 is shifted in phase in the phase
shift circuit 300 and then inputted into an input terminal corresponding to one of the output signals (for example, the
resolver output signal (sin signal) 110 in the example). In the relevant configuration, the phase shift circuit provided in
the resolver/digital-converter 10 in other examples is unnecessary. That is, the example is in such a configuration that
the phase shift circuit 300 in the resolver/digital-converter 10 is moved into a stage previous to the resolver from a stage
in the example of Fig. 1. Furthermore, in the example, the selector 602 selects one of the resolver output signal (sin
signal) 110 and the resolver output signal (cos signal) 120, and inputs it into the phase detection circuit 500-2 whose
output is checked by the check function section 621.
[0088] In the examples as shown in Figs. 1, 4, 7, 13, 15 and 17, as shown in the expressions (2) and (3) or the
expressions (4) and (5), signals, in which common-mode carrier waves are modulated to have amplitude in proportion
to sine or cosine of a rotation angle θ of the resolver, are obtained as the resolver output signals 110 and 120.
[0089] On the contrary, in the example as shown in Fig. 23, the resolver output signals 110 and 120 are signals
expressed as follows respectively: 
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in which carrier waves being different in phase by α due to a shift by the phase shift circuit 300 are modulated to have
amplitude in proportion to sine or cosine of a rotation angle θ of the resolver.
[0090] Therefore, the resolver output signals 110 and 120 can be distinguished by phases of carrier waves as shown
in Fig. 25, and when the phase short fault occurs, phase shift is induced since a carrier wave signal having a different
phase is added to each signal. Thus, by checking the output of the phase detection circuit 500-2 by the check function
section 621, the phase short fault can be detected.
[0091] As shown in Fig. 24 (mode 0s), when the selector 602 selects the resolver output signal (sin signal) 110, the
signal delay characteristic ε(τ) can be estimated based on the signal. On the other hand, as shown in Fig. 24 (mode 0c),
when the selector 602 selects the resolver output signal (cos signal) 120, the signal delay characteristic ε(τ) can be
estimated based on the signal. Furthermore, by monitoring the phases of the carrier waves of the resolver output signal
(sin signal) 110 and the resolver output signal (cos signal) 120, occurrence of the phase short fault can be detected. As
described hereinbefore, according to the example, the temperature characteristic can be corrected, in addition, and the
phase short fault can be detected.
[0092] Figs. 26A and 26B show a resolver 100 for Fig. 23 and a method of driving the resolver. The resolver used in
the example of Fig. 23 is in a type that a common winding is provided for the excitation signal and the resolver output
signals 110, 120 as shown in Fig. 3B. As shown in Figs. 26A and 26B, an excitation signal is applied from the excitation
circuit in a different phase to a winding for each of the resolver output signal (sin signal) 110 and the resolver output
signal (cos signal) 120. Fig. 26A shows an example where the excitation circuit 200 applies its output to the winding for
the resolver output signal (sin signal) 110, and applies an excitation signal having a different phase to the winding for
the resolver output signal (cos signal) 120 via the phase shift circuit 300. Fig. 26B shows an example where the windings
for the resolver output signal (sin signal) 110 and the resolver output signal (cos signal) 120 are applied with excitation
signals having different phases from separate excitation circuits 200 and 200’.
[0093] The above configuration can be used in combination with each of the circuits of the examples 1 to 7, and each
resolver/digital-converter can be allowed to have a function of detecting the phase short fault of the resolver.

Example 8

[0094] Fig. 27 shows an eighth example of an embodiment of the invention. This is an example where the example
1 (Fig. 7) is added with the phase short detection function as described in the example 7. The example has a configuration
that the phase shift circuit 300 in the resolver/digital-converter 10 in the example in Fig. 7 is moved into a stage previous
to the resolver 100 (Fig. 7 does not show the resolver 100).
[0095] In the normal operation function section 11, an inputted resolver output signal (cos signal) 120 is subtracted
from an inputted resolver output signal (sin signal) 110 with in the addition/subtraction function section 400. The signal
after the subtraction is inputted into the phase detection circuit 500-1 via the selector 601 so that phase difference with
respect to the excitation signal sin(ωt) is obtained. Thus obtained value corresponds to an estimated angle output (φ)-ε(τ)).
[0096] In the temperature characteristic identification function section 12, the selector 602 selects one of the resolver
output signals 110 and 120. The selected signal is inputted into the phase detection circuit 500-2 so that phase difference
with respect to the excitation signal sin(ωt), that is, the signal delay characteristic ε(τ) is obtained. The signal delay
characteristic ε(τ) is outputted to the holding circuit 603.
[0097] Output of the normal operation function section 11, that is, estimated angle output is corrected based on the
signal delay characteristic ε(τ) in the temperature characteristic correction function section 410-1, thereby to become a
corrected, estimated angle output φ. Similarly, the estimated angle output outputted by the temperature characteristic
identification function section 12 is corrected based on the signal delay characteristic ε(τ) in the temperature characteristic
correction function section 410-2, thereby to become a corrected, estimated angle output φ.
[0098] (Mode 0s, 0c) As shown in Fig. 28, at timing when examination is not performed (during normal operation), the
input selector 601 selects output of the addition/subtraction function section 400, in which the inputted resolver output
signal (cos signal) 120 is subtracted from the resolver output signal (sin signal) 110 being shifted in phase by the phase
shift circuit 300. The signal selected by the selector 601 is inputted into the phase detection circuit 500-1 so that phase
difference with respect to the excitation signal sin(ωt) is obtained. Thus obtained value corresponds to the estimated
angle output (φ)-ε(τ)).
[0099] At the timing when examination is not performed (during normal operation), the selector 602 selects a resolver
output signal. While there are the resolver output signal (sin signal) 110 (b) and the resolver output signal (cos signal)
120 (c) as the resolver output signal, either of them may be selected. The signal selected by the input selector 602 is
inputted into the phase detection circuit 500-2 so that phase difference with respect to the excitation signal sin(ωt), that
is, the signal delay characteristic ε(τ) is obtained. The signal delay characteristic is used to correct estimated angle output.
[0100] While the signal delay characteristic ε(τ) can be calculated using either of the sin signal 110 and the cos signal
120 of resolver output signals, a mode can be determined such that a signal having a larger amplitude is selected
between the resolver output signals 110 and 120 from the viewpoint of improving measurement accuracy by increasing



EP 1 826 906 A2

14

5

10

15

20

25

30

35

40

45

50

55

a signal to noise ratio. At that time, phases of carrier waves of the resolver output signals 110 and 120 are checked
according to the principle as described before so that occurrence of the phase short fault can be detected. Operations
in other modes are the same as in the example of Fig. 7.

Example 9

[0101] Fig. 29 shows a ninth example of an embodiment of the invention. The example is an example where the
example 5 (Fig. 19) is added with the phase short detection function as described in the example 7. Configurations and
functions being particularly not described are the same as in the example 5. As shown in Fig. 26A, the example has a
configuration that the phase shift circuit is provided in a stage previous to the resolver 100, and the resolver output
signals 110 and 120 are directly inputted into the input selector 602 to detect the phase difference between them.
[0102] First, operation of the normal operation function section 11 is the same as in the example 6.
[0103] Next, in the temperature characteristic identification function section 12, the resolver output signal (sin signal)
110 is added with the inputted resolver output signal (cos signal) 120 in the addition/subtraction function section 450.
The signal after the addition is inputted into the phase detection circuit 500-2 via the selector 602 so that phase difference
with respect to the excitation signal sin(ωt) is obtained. Thus obtained value corresponds to an estimated angle output
(φ)+ε(τ)). Furthermore, previously obtained output of the phase detection circuit 500-1 and output of the phase detection
circuit 500-2 are calculated in the calculation section 460 so that the signal delay characteristic ε(τ) is obtained. Output
of the normal operation function section 11, that is, estimated angle output is corrected based on the signal delay
characteristic ε(τ) in the temperature characteristic correction function section 410-1, thereby to become a corrected,
estimated angle output φ. Similarly, estimated angle output outputted by the temperature characteristic identification
function section 12 is corrected based on the signal delay characteristic ε(τ) in the temperature characteristic correction
function section 410-2, thereby to become a corrected, estimated angle output φ.
[0104] Operation at the timing when examination is not performed (during normal operation) is the same as in the
example 6 (Fig. 20) . Operations in the modes 1 to 4 are the same as in the example 6 (Fig. 20).
[0105] (Mode 5, 6) These modes are for detecting the phase short fault. As shown in Fig. 30 (mode 5), the selector
602 selects the resolver output signal (cos signal) 120 (c), and the phase detection circuit 500-2 detects and checks the
phase of a carrier wave of the signal. In addition to such operation, as shown in Fig. 30 (mode 6), the input selector 602
selects the resolver output signal (sin signal) 110 (b), and the phase detection circuit 500-2 detects and checks the
phase of a carrier wave of the signal. Thus, the phase short fault in the resolver can be detected.
[0106] At that time, since the temperature characteristic identification function section 12 is used for detecting the
phase short fault, the signal delay characteristic ε(τ) is not obtained. Thus, a temperature characteristic is compensated
using a value of a signal delay characteristic held in the holding function section 630 immediately before such detection.
[0107] While not shown, in addition to the examples of Figs 27 and 29, as shown in Figs. 13 and 19, selectors for
injecting a test pattern are placed in a stage previous to the addition/subtraction function sections 400 and 450, so that
the addition/subtraction function sections 400 and 450 can be made objects of the offline test, consequently faults in the
phase shift circuit and the addition/subtraction function sections can be detected.
[0108] While not shown, in addition to the examples of Figs 27 and 29, as shown in Figs. 15 and 21, the normal mode
function section 11 and the temperature characteristic identification function section 12 separately have the addition/
subtraction function sections 400 and 450, and selectors for injecting a test pattern are placed in stages previous to the
separately provided, addition/subtraction function sections 400 and 450, so that the addition/subtraction function sections
400 and 450 can be made objects of the offline test, and consequently faults in the phase shift circuit and the addition/
subtraction function sections can be detected.

Example 10

[0109] Fig. 31 shows an example that the resolver/digital-converter 10 provided by an embodiment of the invention
is applied to a motor controller 1 and a motor control system. An excitation signal 230 outputted from the excitation circuit
200 is inputted into the resolver 100. A rotation shaft of the resolver 100 is rotated in one with a rotation shaft of the
motor 600, so that a signal depending on a rotation angle θ of the motor is outputted to be inputted into the resolver/
digital-converter 10. The resolver/digital-converter 10 estimates the rotation angle θ based on the inputted signal, and
outputs the estimated value φ. A microprocessing unit (MPU) 20 sends an instruction to an inverter 30 for generating a
three-phase alternating current having an appropriate phase based on the estimated value φ, and the inverter 30 outputs
the three-phase alternating current according to the instruction from the MPU 20 to drive the motor 600. The MPU 20
preferably performs vector control to achieve smooth and accurate torque control, and a PWM (pulse width modulation)
wave indicating duty of output of each phase is preferably used for the switching instruction inputted from the MPU 20
into the inverter to generate the three-phase alternating current in the motor.
[0110] Furthermore, Fig. 32 shows an example for achieving fail safe operation using a fault detection result (test
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result) 657 from the resolver/digital-converter 10 provided by an embodiment of the invention. The test result 657 is
inputted into the MPU 20 so that a drive signal to the inverter 30 is stopped when an abnormal condition occurs.
Furthermore, a configuration that the test result 657 is inputted into a logic circuit 40 may be used, so that a drive signal
to the inverter 30 is stopped when an abnormal condition occurs.
[0111] Moreover, a switch or relay 50 inserted into a power line to the inverter 30 can be controlled so that the switch
or relay 50 is turned off when an abnormal condition occurs, in order to stop power supply to the inverter 30. Furthermore,
a switch or relay 60 inserted into a drive output line of the inverter 30 can be controlled so that the switch or relay 60 is
turned off when an abnormal condition occurs, in order to stop drive output to the motor 600. By combining at least one,
or at least two of the above configurations, when an abnormal condition occurs in the resolver 100 or the resolver/digital-
converter 10, operation of the motor 600, that is, torque generation by the motor 600 is stopped. When torque generation
by the motor 600 is stopped, assist power for an electric power steering is lost, however, since torque of preventing
steering operation of a driver is not induced by a fault, a control object can be made in a fail safe condition.
[0112] While not shown, a plurality of resolver/digital-converters 10 are redundantly provided, and thereby a fault in
the resolver/digital-converter 10 itself can be detected. Furthermore, when redundantly provided, resolver/digital-con-
verters 10 in a different type are combined, a weak point in the type can be compensated due to design diversity, and
consequently more secure control system can be achieved.
[0113] To avoid influence of a fault of signal fixation, it is desirable that the test result 657 is not a signal having a fixed
value such as H (high level) or L (low level), but a signal being alternately changed in a manner of H, L ••• in a normal
condition. For example, there is a method that a test result 657 showing OK is outputted only when a test is carried out
as shown in Fig. 33, or a method that a test result 657 is temporarily received by RS-FF (reset/set flip-flop) as shown in
Fig. 34, then a test result 657’ is cleared using an acknowledgement signal (ACK) 658 from the microprocessing unit 20.
[0114] Fig. 36 shows an example that the resolver/digital-converter 10 provided by an embodiment of the invention
is applied to an electric power steering. In addition to the motor controller 1 and the motor control system of Fig. 26, an
output shaft of the motor 600 is mechanically coupled with a steering wheel 2, torque sensor 3, and steering mechanism
5 via a deceleration mechanism 4. Operating force of a driver is detected by the torque sensor 3, and the motor controller
1 controls the motor 600 so as to output assist torque depending on the operating force.
[0115] While the example of the electric power steering was shown hereinbefore, when a mechanism of actuating a
brake via the deceleration mechanism 4 is coupled with the output shaft of the motor 600 instead of the steering mechanism
5, an electric brake can be achieved.

Example 11

[0116] Fig. 37 shows an example where the invention is applied to a "phase difference measurement section 500" of
a resolver/digital-converter disclosed in Fig. 21 of the related art literature 2 (JP-A-2005-34208). Terms and reference
numerals according to the literature are shown in italic in the figure and with a mark " " in this specification.
[0117] In consideration of a signal delay characteristic of a resolver, inputs "VIo-1" and "VIo-2" into the "phase difference
measurement section 500" are expressed by the following equations respectively: 

[0118] In a method according to the literature 3, since ε(τ) can be canceled by obtaining phase difference thereof,
machine difference (variation between individuals) in temperature characteristic or resolver can be canceled.
[0119] Here, according to an embodiment of the invention, when phase differences with respect to cos(ωt) are obtained
in the phase detection circuits 500-1 and 500-2, outputs ε(τ)+φ and ε(τ)-φ are obtained respectively. However, φ is an
estimated value of θ. Furthermore, output of the detection circuit 500-1 and output of the phase detection circuit 500-2
are calculated in the calculation section 460 so that the signal delay characteristic ε(τ) is obtained, which is held by the
holding function section 630 as necessary. Output of the phase detection circuit 500-1, that is, estimated angle output
is corrected based on the signal delay characteristic ε(τ) in the temperature characteristic correction function section
410-1, thereby to become a corrected, estimated angle output φ. Similarly, output of the phase detection circuit 500-2,
that is, estimated angle output is corrected based on the signal delay characteristic ε(τ) in the temperature characteristic
correction function section 410-2, thereby to become a corrected, estimated angle output φ. Furthermore, the selector
600 selects output of one of the temperature characteristic correction function sections 410-1 and 410-2 as final output 15.
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[0120] According to the above configuration, although both "complex signal processing sections 100-1 and 100-2"
need to operate based on a signal from the resolver in order to obtain the signal delay characteristic ε(τ) as in other
examples, once the signal delay characteristic ε(τ) is obtained, only one of the "complex signal processing sections
100-1 and 100-2" is operated, and the estimated angle output φ is obtained by correcting output of one of the phase
detection circuits 500-1 and 500-2 based on the signal delay characteristic ε(τ) held in the holding function section 630.
Therefore, a test pattern is inputted into one of the "complex signal processing sections 100-1 and 100-2" through
selectors 601 to 604, so that output of one of the phase detection circuits is checked by the check function section 620
or 621, and thereby the output can be checked online.
[0121] While the example where an embodiment of the invention is applied to Fig. 21 of the related art literature 2 has
been described hereinbefore, it can be also applied to a configuration disclosed in Fig. 30 of that literature.

Example 12

[0122] Furthermore, it will be appreciated that in the case that a phase is detected by a circuit according to the related
art literature 4 (JP-A-7-131972), related art literature 5 (JP-A-9-133718), and related art literature 5 (JP-A-2005-3530)
having a phase detection circuit based on essentially the same principle as that of the related art literature 2, an em-
bodiment of the invention can be similarly applied. In particular, when a method where an "oscillation circuit 3" outputs
an "estimated phase θi" as shown in the related art literature 6 is applied to a configuration of the related art literature
2, an embodiment of the invention can be applied without needing the phase detection circuits 500-1 and 500-2 by
directly inputting the "estimated phase θi" as shown in Fig. 38.

Example 13

[0123] For the temperature characteristic correction function of the resolver, methods as shown in Figs. 39 and 41
are considered in addition to the methods of Fig. 1 and the related art literature 3.
[0124] Fig. 39 shows an example where a method is used in which a phase of a reference signal is allowed to follow
an input signal based on a correlation function value between the input signal and the reference signal, the method
being shown in JP-A-2005-207960 previously filed by the inventors as phase detection circuits 500-1 and 500-2, thereby
correction of the signal delay characteristic ε(τ) obtained by the calculation section 460 is added into a loop that the
phase of the reference signal is allowed to follow the input signal, and thereby a temperature characteristic of the resolver
is corrected.
[0125] In each of the phase detection circuits 500-1 and 500-2, a multiplier 510-1 or 510-2 multiplies output of a
reference generation circuit 540-1 or 540-2 by an input signal, then the product is inputted into an integrating circuit
530-1 or 530-2, and then inputted into a phase estimation circuit 520-1 or 520-2. Phase difference φ estimated by the
phase estimation circuit 530-1 or 530-2 is outputted as an estimated value of θ, and inputted into the reference generation
circuit 540-1 or 540-2 while being offset by the signal delay characteristic ε(τ) obtained by the calculation section 460
in a temperature characteristic correction function section 410-1 or 410-2, and consequently the reference generation
circuit 540-1 or 540-2 outputs a reference signal shifted in phase by (φ�ε) with respect to an excitation signal as shown
in Fig. 3 of JP-A-2005-207960.
[0126] The calculation section 460 gives feedback to the phase detection circuits 500-1 and 500-2 configuring the
normal operation function section 11 and the temperature characteristic identification function section 12 such that both
of output of the temperature characteristic identification function section 12 and output of the normal operation function
section 11 correspond to each other.
[0127] When the reference signal generated by the reference signal generation circuit 540 is previously allowed to
have phase-offset of 90 degrees as shown in Fig. 16 of JP-A-2005-207960, a relationship between the phase difference
between a reference signal 546 and an input signal in, and a correlation function value is as shown in Fig. 17 of JP-A-
2005-207960. When the phase difference between the reference signal 546 and the input signal in is 0, the correlation
function value is 0, and the phase difference (θ-φ) is positive, the correlation function value is positive; and when the
phase difference (θ-φ) is negative, the correlation function value is negative. That is, it is known that whether a value of
φ is to be increased or to be decreased when the phase difference is not 0 can be determined by positive or negative
of the correlation function value, and φ is increased when the correlation function value is positive, and φ is decreased
when the correlation function value is negative, and thereby the phase difference can be allowed to approach 0. Therefore,
when operation that the value of φ is increased or decreased in the phase estimation circuit 530 depending on polarity
of the correlation function value is repeated, convergent operation is continued until phase difference is eliminated.
[0128] In this case, an ε estimation circuit 530-3 configuring the calculation section 460 operates to increase or decrease
an output value depending on a sign of an input value, and thus converge the input value until it becomes zero as the
phase estimation circuits 530-1 and 530-2. Typically, a PI control system is often used for such application. Since change
in ε(τ) is gradual compared with θ, when cutoff frequency of the ε estimation circuit 530-3 is set low compared with cutoff
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frequency of the phase estimation circuits 530-1 and 530-2, convergence is excellent.
[0129] Accordingly, the phase detection circuits 500-1 and 500-2 generally perform convergent operation such that
output of reference signal generation circuits 540-1 and 540-2 having phases φ+ε and φ-ε respectively correspond in
phase to input signals having phases θ+ε and θ-ε respectively. Therefore, outputs φ of the phase estimation circuits
530-1 and 530-2 converge to θ, that is, the phase detection circuits operate to detect phases of input signals after the
signal delay characteristic ε(τ) has been corrected.
[0130] In a method where a method of JP-A-2005-207960 previously filed by the inventors is simply applied to a phase
detection circuit of the related art literature 3, variation of several LSB in width known as hunting or limit cycle is found
in output of the phase detection circuit as a phenomenon particular to a method where feedback operation by a digital
circuit is performed. On the contrary, according to the example as shown in Fig. 39, the hunting or limit cycle in output
of an estimation result of the signal delay characteristic ε(τ) by the ε estimation circuit 530-3 having a lower cutoff
frequency is increased, and the hunting or limit cycle in output of the phase detection circuits 500-1 and 500-2 having
a higher cutoff frequency is decreased. Furthermore, the example has an advantage in that hunting or limit cycle in an
estimated value of the signal delay characteristic ε(τ) serves as a dither having an effect of substantially improving
resolution of the digital circuit to prevent the hunting or limit cycle in output of the phase detection circuits 500-1 and 500-2.
[0131] Fig. 40 shows an example where a configuration of an embodiment of the invention is applied to the example
of Fig. 39. Compared with the example of Fig. 17, the example is different only in the configurations of the temperature
characteristic identification function section 12 and the normal operation function section 11 as previously described in
Fig. 39, and other configurations and operation are the same as in Fig. 17. Therefore, operation of the selectors in each
mode is also as shown in Fig. 18.

Example 14

[0132] Fig. 41 shows an example where the temperature characteristic of the resolver is corrected using the method
as shown in JP-A-2005-207960 previously filed by the inventors as the phase detection circuits 500-1 and 500-2, similarly
to Fig. 39.
[0133] The example is different from the example of Fig. 39 in that the calculation section 460 gives feedback to the
phase detection circuits 500-1 and 500-2 configuring the normal operation function section 11 and the temperature
characteristic identification function section 12 such that both of output of integrating circuits 520-1 and 520-2 in the
normal operation function section 11 and the temperature characteristic identification function section 12 correspond to
each other, and other operation is exactly the same.
[0134] Accordingly, as in the example of Fig. 39, the phase detection circuits 500-1 and 500-2 generally perform
convergent operation such that output of reference signal generation circuits 540-1 and 540-2 having phases φ+ε and
φ-ε respectively correspond in phase to input signals having phases θ+ε and θ-ε respectively. Therefore, outputs φ of
the phase estimation circuits 530-1 and 530-2 converge to θ, that is, operate to detect phases of input signals after the
signal delay characteristic ε(τ) has been corrected. Fig. 42 shows an example where a configuration of an embodiment
of the invention is applied to the example of Fig. 41. Compared with the example of Fig. 17, the example is different only
in the configurations of the temperature characteristic identification function section 12 and the normal operation function
section 11 as previously described in Fig. 41, and other configurations and operation of the example are the same as
in Fig. 17. Therefore, operation of the selectors in each mode is also as shown in Fig. 18.

Claims

1. A resolver/digital-converter, comprising;
a normal operation function section (11) for calculating angle information based on a signal from a resolver,
a temperature characteristic identification function section (12) for calculating a correction value for correcting a
temperature characteristic of the angle information based on a signal from said resolver,
a fault detection unit (622) for examining said normal operation function section or said temperature characteristic
identification function section, and
a holding function section (630) or holding the correction value,
wherein when said normal operation function section is examined, the angle information is calculated using said
temperature characteristic identification function section, and the calculated value is corrected by the correction
value held in said holding function section.

2. The resolver/digital-converter according to claim 1, further comprising;
a first temperature characteristic correction function section for correcting an estimated angle output from said normal
operation function section based on the temperature characteristic identification value by said temperature charac-
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teristic identification function section, the value being held in said holding function section, and
a second temperature characteristic correction function section for correcting an estimated angle output from said
temperature characteristic identification function section based on the temperature characteristic identification value
by said temperature characteristic identification function section, the value being held in said holding function section.

3. The resolver/digital-converter according to claim 2,
wherein one of the outputs of said first temperature characteristic correction function section and said second
temperature characteristic correction function section is selected as output of the angle information.

4. The resolver/digital-converter according to claim 1, further comprising;
a first test signal injection function section for injecting a test input into said normal operation function section, and
a second test signal injection function section for injecting a test input into said temperature characteristic identification
function section.

5. The resolver/digital-converter according to claim 1, further comprising;
a first check function section for comparatively checking an expected value for the test input injected by said first
test signal injection function section and output of said normal operation function section, and
a second check function section for comparatively checking an expected value for the test input injected by said
second test signal injection function section and output of said temperature characteristic identification function
section.

6. The resolver/digital-converter according to claim 1,
further comprising a function section for outputting a test result,
wherein in the case that when said first test signal injection function section injects the test input, said first check
function section detects a fact that the expected value for the test input is inconsistent with the output of said normal
operation function section, or
in the case that when said second test signal injection function section injects the test input, said second check
function section detects a fact that the expected value for the test input is inconsistent with the output of said
temperature characteristic identification function section, a signal showing an abnormal condition is outputted as
the test result.

7. The resolver/digital-converter according to claim 6,
wherein in the test result, an alternating signal is outputted as a signal showing a normal condition, and a signal
other than the alternating signal is outputted as a signal showing an abnormal condition.

8. The resolver/digital-converter according to claim 1,
wherein said normal operation function section or said temperature characteristic identification function section has
a phase shift circuit for changing the phase of the first resolver signal, and an addition/subtraction function section
for adding/subtracting the output of said phase shift circuit with respect to the second resolver signal, and
said first test signal injection function section and said second test signal injection function section exist in a stage
subsequent to said phase shift circuit and said addition/subtraction function section.

9. The resolver/digital-converter according to claim 1,
wherein said normal operation function section or said temperature characteristic identification function section has
a phase shift circuit for changing the phase of the first resolver signal, and an addition/subtraction function section
for adding/subtracting the output of said phase shift circuit with respect to the second resolver signal,
said first test signal injection function section and said second test signal injection function section are provided in
a stage subsequent to said phase shift circuit and said addition/subtraction function section, and
a third test signal injection function section for injecting a test signal into the first resolver signal, and a fourth test
signal injection function section for injecting a test signal into the second resolver signal are provided in a stage
previous to said phase shift circuit and said addition/subtraction function section.

10. The resolver/digital-converter according to claim 1,
wherein said normal operation function section and said temperature characteristic identification function section
separately have a phase shift circuit for changing the phase of the first resolver signal, and an addition/subtraction
function section for adding/subtracting the output of said phase shift circuit with respect to the second resolver signal,
and
said first test signal injection function section and said second test signal injection function section exist in a stage
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previous to said phase shift circuit and said addition/subtraction function section.

11. A resolver/digital-converter, which is inputted with first and second resolver signals from a resolver, and outputs
angle information output corresponding to the inputted resolver signals, comprising
a first operation mode for outputting angle information which is corrected in temperature characteristic based on a
latest temperature characteristic identification value, and
a second mode for carrying out examination of said normal operation function section or said temperature charac-
teristic identification function section, and for outputting angle information having been corrected in temperature
characteristic based on a temperature characteristic identification value being held.

12. The resolver/digital-converter according to claim 11, further comprising
a third mode for carrying out examination of said normal operation function section or said temperature characteristic
identification function section, and for outputting an output signal of said normal operation function section or said
temperature characteristic identification function section corresponding to a test signal inputted for the examination
in place of the angle information.

13. The resolver/digital-converter according to one of claims 9, 11 and 12:
wherein test signals are injected by said first and second test signal injection function sections in said second
operation mode, and
test signals are injected by said third and fourth test signal injection function sections in said third operation mode.

14. The resolver/digital-converter according to claim 11,
wherein start information for starting said second operation mode is inputted from the outside.

15. The resolver/digital-converter according to claim 11,
wherein information that permits the start information for starting said second operation mode is inputted from the
outside.

16. The resolver/digital-converter according to claim 12,
wherein start information for starting said third operation mode is inputted from the outside.

17. The resolver/digital-converter according to claim 12,
wherein information that permits the start information for starting said third operation mode is inputted from the outside.

18. The resolver/digital-converter according to claim 11, further comprising a timer,
wherein the operation in said second operation mode is started by the timer, and the operation in said first operation
mode is started after said second operation mode is finished.

19. The resolver/digital-converter according to claim 12, further comprising a power-on detection circuit,
wherein the operation in said third operation mode is started by said power-on detection circuit, and the operation
in said first operation mode is started after the third operation mode is finished.

20. The resolver/digital-converter according to claim 1, further comprising
a function section inwhich outputs signals having different phases from each other as a first excitation signal corre-
sponding to the first resolver signal of said resolver, and a second excitation signal corresponding to the second
resolver signal of said resolver, and
detects the phases of the carrier waves of the first and second resolver signals.

21. The resolver/digital-converter according to claim 20,
wherein when the phases of the carrier waves of the first and second resolver signals deviate from a predetermined
range, a signal indicating an abnormal condition is outputted as a test result.

22. A control system comprising a resolver, an exciting circuit, a motor, a resolver/digital-converter, and an inverter, in
which said excitation circuit outputs an excitation signal to said resolver, said motor is connected to said resolver
through a rotation shaft, said resolver/digital-converter receives a signal from said resolver, and outputs rotation
angle information of said resolver and test result output, and said inverter drives said motor,
wherein said resolver/digital-converter is the resolver/digital-converter according to one of claim 1 or 11.
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23. The control system according to claim 22, further comprising
a unit for braking the drive output from said inverter to said motor, and
when the test result output indicates an abnormal condition, the drive output from said inverter to said motor is
broken by the braking unit.

24. The control system according to claim 22, further comprising
a power braking unit for braking the power to said inverter, and
when the test result output indicates an abnormal condition, the power to said inverter is broken by said power
braking unit.

25. The control system according to claim 22, further comprising
a drive signal braking unit for braking a drive signal to said inverter, and
when the test result output indicates an abnormal condition, the drive signal to said inverter is broken by the drive
signal braking unit.

26. The control system according to claim 22, further comprising
a plurality of the resolver/digital-converters, and
at least one of the plurality of said resolver/digital-converters is the resolver/digital-converter according to claim 1.

27. An electric power steering, comprising;
a control system according to claim 22,
a steering wheel,
a torque sensor, and
a steering mechanism,
wherein said motor is mechanically connected to said steering mechanism.

28. A resolver/digital-converter, comprising;
a normal operation function section for being inputted with first and second output signals of a resolver, and outputs
angle information corresponding to the inputted resolver output signals,
a temperature characteristic identification function section for being inputted with the first and second output signals
of said resolver, calculates angle information corresponding to the inputted resolver output signals, and outputs a
correction value for correcting a temperature characteristic of output of said normal operation function section based
on the relevant angle information and a reference signal,
a holding function section for holding the correction value,
a fault detection unit for inputting a test signal into said normal operation function section, and examines said normal
operation function section based on an expected value of output corresponding to the relevant test signal, and output
of said normal operation function section when the relevant test signal is inputted,
an input selector for selecting one of the output signal of said resolver and the test signal of said fault detection unit,
and inputs it into said normal operation function section, and
an output selector for selecting one of the angle information outputted by said normal operation function section
and the angle information calculated by said temperature characteristic identification function section, and outputs
it to the outside,
wherein when said input selector selects the test signal, said output selector selects the angle information calculated
by said temperature characteristic identification function section.
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